The intestinal contents of 59 Zairese freshwater fish were examined for the presence of potential human enteric pathogens. Edwardsiella tarda and Plesiomonas shigelloides were isolated from 57 and 59% of them, respectively. For both microorganisms there was a significant difference between the isolation rates from lake and river fish: whereas E. tarda was much more frequently isolated from lake fish than was P. shigelloides, the reverse was observed for river fish. The authors hypothesize that sporadic cases of tropical diarrhea with E. tarda or P. shigelloides can be traced to contact with or consumption of freshwater fish.
Sporadic cases of human diarrheal disease associated with Edwardsiella tarda or Plesiomonas shigelloides have previously been reported from Zaire by Makulu et al. (15) and by Vandepitte et al. (25) . The same organisms were also sporadically cultivated from different species of mammals and birds in Zaire (L. R. Van Damme, M. N. Tshidingi, and J. Vandepitte, manuscript in preparation). During the latter investigation, E. tarda was also isolated from water.
During a World Health Organization mission in Mopti (Mali) in 1971, one of the authors (J. Vandepitte, unpublished observations) was impressed by the unusually high isolation rates of both E. tarda and P. shigelloides from patients with diarrhea. Since the population of Mopti is chiefly composed of fishermen and river fish are the principal source of protein food, it was hypothesized that fish could be the reservoir for human infection with these potential enteric pathogens. Further support was lent to this assumption by the isolation ofP. shigelloides from the gills of one of five sick fish during routine examination in Kinshasa in 1977 (L. R. Van Damme, unpublished observation).
In the light of these findings, it was considered worthwhile to investigate different species of freshly caught Zairese river and lake fish for the presence of E. tarda and P. shigelloides.
MATERIALS AND METHODS
A total of 59 freshly caught fish were investigated from March to August 1978 (on 10 different days).
Fish were caught in the following rivers or lakes:
Bombo river (11 fish), Zaire stream (23) , Mfidi river (6) , and four different lakes (19) (Table 1) .
As soon as possible after arrival of the fish at the laboratory, samples of intestine were aseptically removed and inoculated onto different bacteriological media: (i) 28 were inoculated directly onto MacConkey agar (Eiken, Weilcome Research Laboratories); (ii) 24
were inoculated directly onto xylose lysine desoxycholate (XLD) agar (Eiken, Wellcome); (iii) 19 were inoculated onto salmonella shigella (SS) agar (Eiken, Wellcome) after enrichment for 48 h at 42°C in tetrathionate broth base (TB) (Oxoid Ltd.) with iodine solution; and (iv) 59 were inoculated onto SS agar after enrichment for 48 h at 37°C in TB without iodine solution.
All solid plating media were incubated at 37°C for 48 h. Representative types of non-lactose-fermenting colonies were picked from the solid isolation media and inoculated onto Kligler iron agar slants. Cultures giving reactions suggestive of enteric pathogens were further identified by biochemical reactions using procedures outlined by Edwards and Ewing (5). We examined some isolates in parallel, using the API 20E system for the identification of Enterobacteriaceae.
Antibiotic sensitivity was tested by standard disk diffusion test (1). The Plesiomonas strains were tested for agglutination with anti-Shigella sonnei serum (Wellcome).
RESULTS
A total of 35 isolates of E. tarda were obtained from 34 fish (57% of the fish), and 35 isolates of P. shigelloides were obtained from 35 fish (59% of the fish) ( (9, 24) or on the existence of potential aquatic reservoir hosts: shellfish in Tahiti (9) , an oyster in Mali (25) , and a xenopus toad in England (4). Infection of fish was only mentioned in France by Richard et al. (19) though it had been suggested by a case report of generalized human infection with P. shigelloides after puncture of the hand with a fish bone (6). Tsukamoto et al. (24) were the first to investigate healthy fish and other freshwater animals in Japan, in the search for a reservoir responsible for the human epidemics. P. shigelloides was cultivated from 5 out of 17 fish and also from shellfish and newts. A much higher isolation rate has not been found in Zairese fish and makes it highly probable that fish are a potential source for human infection with Plesiomonas. Evidence on the experimental enteropathogenicity of P. shigelloides is conflicting: although some (2, 17) . Twenty percent of our fish isolates, however, were fully susceptible when tested with the standard disk diffusion method.
There was a significant (P < 0.05) difference between the isolation rates of E. tarda and P. shigelloides from river and lake fish. Of the 19 Tilapia fished in lakes, 16 harbored E. tarda, compared with 7 with Plesiomonas. By contrast, among 40 river fish, only 18 contained E. tarda compared with 28 with P. shigelloides (Table  1) . There were differences in isolation rates among river fish as well: the six specimens from the Mfidi river contained neither Edwardsiella nor Plesiomonas, whereas nine E. tarda and nine P. shigelloides were isolated from 11 fish of the Bombo river. A possible explanation is that the fish from the Mfidi were much smaller than the Bombo fish (Table 1) . Similarly, the four small Tilapia of catch 6 gave only one isolate of E. tarda, against a 100% isolation rate among 15 adult Tilapia (catches 4, 5, and 8). Table 2 shows that E. tarda is most frequently isolated after tetrathionate enrichment without iodine solution, whereas the highest isolation rate of P. shigelloides is obtained after direct plating onto MacConkey agar.
E. tarda and P. shigelloides can be recovered at the three temperatures tested, although higher recovery rates might be expected by combining different media and incubation temperatures. Neither Plesiomonas nor Edwardsiella was found after enrichment in selenite broth, confirming a previous statement by Iveson (12) .
We conclude from our observations that freshwater fish, at least some tropical species, are frequent intestinal carriers and seem to constitute the natural habitat of E. tarda and P. shigelloides. There is increasing clinical and epidemiological evidence that both bacterial species may cause diarrhea and other disease in APPL. ENVIRON. MICROBIOL.
humans. Fish should be considered as the most probable source of human infection. Further studies are needed to define the mechanism of pathogenicity of these bacteria and their ecological association with fish in different environments and geographical areas.
